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Vitrification of sperm is based on high-speed freezing by direct exposure to liquid nitrogen using non-permeable cryoprotectants, mainly disaccharides; yet, the concentration of cryoprotectants has a species-specific effect on the sperm cell. The aim of this study was to assess different sucrose concentrations for stallion sperm vitrification. Semen samples (n = 9) were collected from three stallions, centrifuged and resuspended to a concentration of 50 × 10 6 sperm/ml in a base extender (INRA96 + 1% of bovine serum albumin) with three different sucrose concentrations (Molar): 20 mM (S1), 100 mM (S2), or 200 mM (S3). Then, sperm were filled in covered 0.25 ml straws and directly plunged into liquid nitrogen. For warming, 0.25 ml straw was pulled out the covering straw and immersed in 3 ml of INRA96 at 43°C, with gentle pipetting to accelerate the melting. Total (TM, %) and progressive sperm motility (PM, %) were analysed using computer-assisted sperm analysis. Plasma (PMI, %) and acrosome membrane integrity (AIS, %) were assessed under epifluorescence microscopy. Post-warmed sperm parameters were compared between treatments by ANOVA. S2 showed significantly higher values in comparison with S1 and S3 for TM (S2 = 54.7 ± 5.5 a ; S1 = 29.1 ± 3.3 b ; S3 = 28.6 ± 3.0 b ; p < 0.001) and PM (S2 = 31.3 ± 3.8 a ; S1 = 18.5 ± 2.6 b ; S3 = 17.7 ± 2.9 b ; p < 0.01), respectively. No significant differences were found among treatments for PMI (S2 = 70.3 ± 5.2; S1 = 67.4 ± 4.3; S3 = 70.0 ± 3.7) neither for AIS (S2 = 57.1 ± 3.9; S1 = 53.9 ± 4.2; S3 = 57.0 ± 7.9). In conclusion, a concentration of 100 mM sucrose is recommended for stallion sperm vitrification in straws.
K E Y W O R D S
sperm, stallion, straw, sucrose, vitrification this purpose, the aim of this study was to assess different sucrose concentrations for stallion sperm vitrification without permeable cryoprotectants in straws in terms of post-warming sperm motility, plasma and acrosome membrane integrity. Semen samples (n = 9) were collected during the breading season from three healthy and fertile stallions (three ejaculates per animal) aged from 4 to 11 years, with a Missouri artificial vagina.
| MATERIAL AND ME THODS
Ejaculates were assessed for sperm volume, concentration, motility and plasma and acrosome membrane integrity as previously described (Consuegra et al., 2018) . Then, sperm was diluted 1:1 
| RE SULTS
Mean average parameters of ejaculates used in this study were as follows: gel-free volume = 53 ml; concentration = 197 × 10 6 sperm/ ml; TM = 86%; PM = 70%; PMI = 92%; AIS = 83%.
The results of sperm parameters using vitrification are shown in Figure 1 . Significant higher values were obtained with 100 mM sucrose (S2) in comparison to 20 mM (S1) and 200 mM (S3) for TM (S2 = 54.7 ± 5.5 a ; S1 = 29.1 ± 3.3 b ; S3 = 28.6 ± 3.0 b ; p < 0.001) and PM (S2 = 31.3 ± 3.8 a ; S1 = 18.5 ± 2.6 b ; S3 = 17.7 ± 2.9 b ; 0 < 0.01).
No significant differences were found for PMI (S2 = 70.3 ± 5.2; S1 = 67.4 ± 4.3; S3 = 70.0 ± 3.7) neither for AIS (S2 = 57.1 ± 3.9; S1 = 53.9 ± 4.2; S3 = 57.0 ± 7.9).
| D ISCUSS I ON
This is the first report of stallion semen vitrification successfully performed in straws using a combination of sucrose and BSA-based extenders. Vitrification in straws isolates sperm from LN 2 , reducing the risk of microorganisms contamination (Isachenko et al., 2017) , but also allows the vitrification of larger sperm volumes, increasing its application in reproductive technologies (Sanchez et al., 2012) . A large number of studies have followed the sphere method for sperm vitrification but few of them used aseptic vitrification in straws. In this sense, human (Sanchez et al., 2012) and donkey (Diaz-Jimenez et al., 2017) sperm vitrification needs 250 mM of sucrose, which is higher than the best sucrose concentration obtained in this study (100 mM).
It seems that stallion sperm is more sensitive than other species to the osmotic shock provoked by higher sucrose concentrations. Therefore, each species requires its own vitrification protocol, even those that are phylogenetically closely related (Pukazhenthi & Wildt, 2004) .
The values of sperm parameters achieved in this study for stallion sperm vitrification were similar to previous results following conventional freezing protocols (Scherzer et al., 2009; Wu et al., 2015) . Yet, no comparison between conventional freezing and vitrification has been performed in this study. Therefore, further studies are needed, including also the assessment of larger volumes and concentrations of sperm in different packing systems and extenders for a better application in the equine industry.
F I G U R E 1 Total (TM) and progressive motility (PM), plasma (PMI) and acrosome membrane integrity (AIS) in stallion sperm after vitrification adding 1% BSA and 20 mM (S1), 100 mM (S2) or 200 mM (S3) of sucrose. Different letters indicate significant differences for TM (p < 0.001) and PM (p < 0.01)
In conclusion, stallion sperm can be vitrified in 0.25 ml straws using a combination of 100 mM sucrose and 1% BSA, without the addition of permeable cryoprotectants.
